Introduction
After characterization of the plasticity of fibroblastic cell in the lamina propria of the rat uterine cervix at term (Varayoud et al., 2001) , it was decided to investigate whether this phenomenon also occurs in women.
Although fibroblastic cells are considered to be of relatively uniform morphology, they are endowed with multiple functional properties: they play an essential role in the metabolism of the extracellular matrix, contribute to wound healing and are also involved in the pathogenesis of fibrotic processes (Sappino et al., 1990) . Myofibroblasts are differentiated cells with morphological features intermediate between those of fibroblasts and smooth muscle cells (Powell et al., 1999; Eyden, 2001a) .
It has been known for some time that, as term approaches, marked changes, such as a widespread collagen remodelling, and alterations in proteoglycan metabolism, polymorphonuclear infiltration and water imbibition, occur in the uterine cervix (Junqueira et al., 1980) . These structural modifications are associated with the ripening that allows the cervix to dilate for parturition (Luque et al., 1998) . These observations show that the uterine cervix is a dynamic structure with a high capacity to adapt to different, and even conflicting, physiological situations. Both of the above studies have focused on changes at the extracellular matrix and cervical invasion by polymorphonuclear leucocytes (little attention was given to the fibroblasts of the cellular compartment). The fibroblastic cells in the cervical stroma are mainly distributed in the fibrous ring that surrounds the mucous layer (Danforth, 1983) . The marked alterations in the structural architecture and biochemical composition of fibroblastic cells observed in different physiological and pathological situations indicates an important phenotypic plasticity that permits adaptation (Sappino et al., 1990; Schmitt-Graff et al., 1994) . Changes in the cytoskeleton are among the most prominent features
Phenotypic modulation of fibroblastic cells in the mucous layer of the human uterine cervix at term
The uterine cervix is a dynamic structure with a high capacity to adapt to different, even opposing, roles during the sequence of physiological events of gestation (for example, acting as a barrier to retain the fetus during pregnancy and dilating to allow delivery at term). Histoarchitectural changes of the uterine cervix allow its successful adaptation. The aim of this study was to investigate whether fibroblastic cell plasticity, described in the lamina propria of the rat uterine cervix at term, could be observed in women too. Biopsy specimens of nonpregnant and intrapartum human cervices were studied under the transmission electron microscope, and cytoskeletal differentiation markers were identified by immunohistochemistry under the light microscope. Desmin-positive cells were present in the mucous layer of the cervix during labour. These cells displayed cytoplasmic processes (typical of myofibroblasts) that also stained positively for vimentin. The main ultrastructural features for defining the myofibroblast under the electron microscope were also observed in these cells. However, cervices of non-pregnant women contained resident fibroblasts at the same location. Examination of the differentiation repertoire of fibroblastic cells in the mucous layer of the uterine cervix resulted in the characterization of myofibroblasts at term. The implications of the plasticity of fibroblastic-myofibroblastic cells in the physiological changes displayed in the uterine cervix during pregnancy, labour and postpartum involution require further investigation.
of fibroblastic cellular modulation: desmin, vimentin and α-smooth muscle actin (α-SMA) are frequently expressed in a specific pathway of differentiation (Can et al., 1995; Holstein et al., 1996) . The gentle contractile machinery represented by these cytoskeletal elements in the structure of microfilaments and intermediate filaments results in electron microscopy images that are useful for defining the myofibroblast (Eyden, 2001a,b) .
The aim of present study was to examine the ultrastructural and immunohistochemical characteristics of fibroblastic cells of the mucous layer of biopsy specimens obtained from uterine cervices of non-pregnant and intrapartum women. The differential expression of cytoskeletal proteins, as well as the ultrastructural features identified by the present study indicate that in place of the resident fibroblasts of the mucous layer in non-pregnant cervices, a typical myofibroblastic-cell phenotype could be characterized in intrapartum biopsy specimens.
Materials and Methods
Archival tissues obtained from the patients involved in a study by Junqueira et al. (1980) of the structure of the human uterine cervix at term were used in the present study. Eight biopsy specimens of cervical tissue of normal patients obtained during parturition, and another eight biopsy specimens from non-pregnant, sexually active women were used in this study. From the original 26 patients involved in the previous study, the present cases were selected on the basis of the presence of at least two representative samples of tissues (one sample embedded in paraffin wax for light microscopy studies, and the other sample embedded in resin for electron microscopy) from each patient. Local institutional approval for the use of this archival material was obtained from the requisite authority before the start of the study.
Immunohistochemical detection of vimentin, desmin and α-SMA was performed according to the protocol described by Varayoud et al. (2001) for the rat uterine cervix. In brief, after the paraffin wax was removed from the section, microwave pretreatment (antigen retrieval) was performed. The endogen peroxidase activity was inhibited and non-specific binding was blocked. Sections were incubated with mouse monoclonal antibodies (antibodies were used: anti-desmin (clon DER-11, Novocastra, Newcastle-upon-Tyne) 1: 50, anti-vimentin (clon V9, Novocastra) 1:100 and anti-α-SMA (clon αsm-1, Novocastra) 1:100) for 3 h at room temperature. Reactions were developed using streptavidin-biotin peroxidase, and diaminobenzidine (DAB) (Sigma Chemical Co., St Louis, MO) was used as a cromogen substrate for 10 min at room temperature. Samples were counterstained with Harris' haematoxylin (Biopur, Rosario) and mounted with permanent mounting medium (PMyR, Buenos Aires). Each immunohistochemical experiment included positive and negative controls. For negative controls, the primary antibody was replaced by non-immune mouse serum (Sigma). The specificity of the primary antibodies used has been tested by the supplier.
Electron microscopy studies were performed as described by Junqueira et al. (1980) for human cervical tissues. In brief, small fragments of cervical biopsy specimens were fixed in 2% glutaraldehyde dissolved in 0.15 mol PBS l -1 at pH 7.2, followed by rinsing in saline solution, post-fixed with 1% OsO 4 (Sigma), dehydrated with acetone and embedded in Epon 812 resin (Polyscience, Warrington, PA). Semithin sections were cut and stained with methylene blue. Representative areas of the lamina propria (using the epithelium and the basement membrane as a guide) and also of deeper regions, were selected. Ultrathin sections were studied under a transmission electron microscope (LEO Electron Microscopy Ltd, Oberkochen).
Ultrastructural features that characterize myofibroblastic cells were defined taking into account previous descriptions (Schmitt-Graff et al., 1994; Eyden, 2001a,b; Varayoud et al., 2001) .
Results
In both the non-pregnant and intrapartum patients studied, fibroblastic cells of the mucous layer of the uterine cervix always stained positively with anti-vimentin, but did not react with anti-α-SMA antiserum (Fig. 1) . Immunohistochemical expression for vimentin was similar in intrapartum sections and sections from non-pregnant controls (Fig. 1a,d ).
Although desmin expression could not be detected in fibroblastic cells of tissue from non-pregnant women (Fig. 1e) , fibroblastic cells from cervices of intrapartum women reacted strongly with anti-desmin (Fig. 1b) . The strong expression of desmin found in sections of cervices from intrapartum women corresponded to cells in the mucous layer that also stained positive for vimentin. The staining pattern for desmin in intrapartum specimens revealed the morphological characteristics of myofibroblasts: the strongly reacting halo that surrounded the nucleus, radiating through the cytoplasm, along well developed cytoplasmic processes, up to the cell membrane (Fig. 1b, inset) .
In addition to light microscopy studies, electron microscopy observations were performed from the fibrous layer adjacent to the luminal epithelium (lamina propria) through the whole thickness of the cervical mucous layer. Ultrastructural examination of the cells in the mucous layer of cervices from intrapartum patients also disclosed features that corresponded to the typical characteristics of myofibroblasts. These cells displayed remarkable alterations in the size, shape and distribution of their organelles. An increase in total cell volume was observed, as well as a change in shape (from fusiform to round-ovoid) with large euchromatic nuclei (Fig. 2) . Cells of cervices from intrapartum women had long cytoplasmic processes and their abundant cytoplasm contained much rough endoplasmic reticulum and many Golgi complexes (Fig. 3) . Other ultrastructural features that could be observed at higher magnifications in cervical myofibroblastic cells included a few pinocytotic vesicles (caveolae) alongside the sub-plasmalemmal web of filaments (Fig. 3) . The presence of junctional complexes between the interior of these myofibroblastic cells and the adjacent stroma is evident (Fig. 4) ; these structures possess the characteristics of the fibronexus junction, which is a transmembrane complex involving the point of convergence of intracellular microfilaments in apparent continuity with the extracellular matrix fibrillary structures. These junctions are considered to have a role in the transmission of contractile force within the tissue and are one of the distinctive characteristics of myofibroblasts. Linear densities and discontinuous thin strips of basal lamina-like material adjacent to the external surface of the cell membrane could also be observed (Fig. 4) . Taken together, these ultrastructural features resemble the myofibroblastic phenotype defined in previous morphological descriptions and indicate both secretory and contractile roles.
Fibroblastic cells from non-pregnant controls displayed features of the different stages of fibroblastic function, showing a range from relatively undifferentiated (inactive) fusiform fibroblasts (that constitute the bulk of the cellular compartment; Fig. 5 ), to fibroblasts actively synthesizing extracellular matrix, to myofibroblastic-like cells.
Discussion
This study investigated the presence of cells with structural and biological properties between those of resident fibroblasts and those of smooth muscle cells in the mucous layer of the human uterine cervix at term. These cells were defined as myofibroblasts, because the ultrastructural features and the immunohistochemical expression of both vimentin and desmin are in agreement with other descriptions (Sappino et al., 1990; Eyden, 2001a,b) . Immunohistochemical studies revealed heterogeneous cytoskeletal phenotypes among myofibroblasts in terms of intermediate filaments, smooth muscle actin and myosin expression. Although several studies have described myofibroblasts that co-express vimentin and α-SMA (Sappino et al., 1990; Schmitt-Graff et al., 1994; Zhang et al., 1996; Powell et al., 1999; Eyden, 2001a) , other reports provide evidence of vimentin-and desmin-positive myofibroblasts in normal organs (Can et al., 1995; Desmoulière and Gabbiani, 1996; Varayoud et al., 2001) . Understanding the complex molecular biology underlying the dynamic function of the uterine cervix is a basic problem in the physiology of gestation and parturition. During pregnancy, extensive tissue remodelling involves both the extracellular matrix and cells of the cervical tissue (Leppert, 1998) . The cellular and extracellular compartments must adapt in a very short period to new functional demands imposed by gestation and parturition, and subsequently restore themselves during the following involution period. The present study provides a detailed description of the morphological and immunohistochemical features observed in the fibroblastic cells of the uterine cervix of intrapartum patients compared with samples from non-pregnant women.
Regionally specific changes might be expected in the uterine cervix because, at the end of pregnancy, the cervix should serve the dual, but conflicting, functions of acting as a barrier to retain the conceptus first, and then dilating at the time of delivery. This dynamic role of the uterine cervix is achieved by the interplay between the extracellular matrix and the cellular compartment. The extracellular matrix is susceptible to profound changes, such as a widespread collagen remodelling, changes in proteoglycan metabolism and uptake of water (Ludmir and Sehdev, 2000) . However, in this changing environment, the cellular compartment (composed mainly of fibroblastic and smooth muscle cells) has to maintain the basic structure of the organ, including epithelial continuity and blood supply. Moreover, cytokines, and also macromolecules of the extracellular matrix, are known to stimulate the release of collagenases and elastaselike enzymes from cervical fibroblasts (Ludmir and Sehdev, 2000) . Other cervical cells also show changes during pregnancy and parturition. Differences in the cellular turnover according to the cellular compartment of the uterine cervix and the stage of pregnancy considered were observed by Ramos et al. (2002) . The increased expression of desmin found at term might contribute to adaptations of the cellular compartment to the changes of the regional forces produced by alterations in the extracellular matrix composition. Therefore, given the role that microtubules, microfilaments and intermediate filaments play in determining cellular morphology and function, it is possible that desmin expression in myofibroblasts accounts for the rapid transformation of cell shape and organelle distribution as a consequence of increased synthetic activity of collagen and elastin fibres during pregnancy (Can et al., 1995) .
An important aspect of the differential expression of desmin is its mechanism of control. In pregnant rats, it should be noted that desmin expression begins at midgestation and increases in parallel with the plasma concentrations of relaxin (Sherwood et al., 1983) , reaching its highest expression at parturition (Varayoud et al., 2001) . Moreover, immediately after delivery, both relaxin and desmin reach basal values. The results obtained from studies in rats indicate that desmin expression is a hormonally regulated process responsible for adaptation changes in the cervical tissue during pregnancy. However, it was also shown that progesterone is involved in differentiation and growth of stromal cells in both rat and human decidua (Dai and Ogle, 1999; McParland et al., 2000) . The possible role of progesterone and relaxin in the regulation of the fibroblastic modulation observed in the uterine cervix needs to be investigated.
The fine structure of the cells found in the mucous layer of cervices from intrapartum women in the present study Myofibroblasts in the human uterine cervix at term 787 E G Fig. 3 . This higher magnification of the cell shown in Fig. 2 shows the cell surface features of the myofibroblastic cell. The subplasmalemmal web of cytoskeletal elements can be seen: filaments (arrowheads) and microtubules (arrow). E: epithelium; G: Golgi complex; *: plasmalemmal caveolae (pinocytotic vesicles). Scale bar represents 0.39 µm.
correspond to those described as the main electron microscopy features for defining the myofibroblast (Eyden, 2001a,b) . Taken together, the immunophenotype of the cytoskeletal proteins and the ultrastructural characteristics of the contractile apparatus indicate that an association of the cellular network interacting with the extracellular matrix (through the abundant fibronexus junctions present in the myofibroblasts) aid in supporting varying mechanical stress during labour. Subpopulations of fibroblastic cells may further refine the adaptation to regional differences in mechanical stress. Thus, it appears that a few of the ultrastructurally defined myofibroblastic cells in the lamina propria of cervices during labour (as well as some of these same cells in the mucous layer of non-pregnant biopsy specimens) were found in regions in which desmin reaction was absent. This observation indicates that a subset of myofibroblastic cells in these circumstances corresponds to a desmin-negative phenotype. When compared with the rat cervical tissue at term, in which Varayoud et al. (2001) performed a morphometric study, the myofibroblasts observed in the human cervical tissue at term were much more abundant. The rat cervical myofibroblasts at term were scant and restricted to the subepithelial region, whereas in women they were distributed all through the mucous layer. On the basis of the differential expression of desmin and the ultrastructural features, the foregoing results demonstrate that myofibroblasts are present in the mucous layer of the uterine cervix at term. Although further studies investigating the correlations between the morphological changes of the cervical fibroblasts and the dynamic changes of the mechanical environment are required to understand the role of these cells in cervical function at term, hypothetical roles may be put forward. It is well known that during wound healing the resident cells reassume the form and appearance of secreting fibroblasts. The myofibroblast, a cell with features of both fibroblasts and smooth muscle, is also observed during wound healing. These cells possess the morphological characteristics of an activated fibroblast but contain increased amounts of cytoskeletal elements. Their contractile activity is responsible for wound closure after tissue injury, a process called wound contraction (Desmoulière and Gabbiani, 1996) . Perhaps the presence of many myofibroblasts in the mucous layer of the uterine cervix at term may account for the formation of a 'purse-string' ring around the lumen, the constriction of which may help to close the cervical canal after delivery. 
